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(57) ABSTRACT 

Multidimensional coordinate measuring machine having a 
programming mode in Which the measuring head can be 
displaced manually by an operator and a measuring mode in 
Which a control unit is designed for automatically optimizing 
and reproducing the displacements of the measuring head 
recorded during the programming mode. 
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MANUALLY PROGRAMMABLE 
MOTORIZED MACHINE FOR MEASURING 

COORDINATES 

REFERENCE DATA 

[0001] The present application claims priority of Swiss 
patent application CH-09/ 1382 ?led on Sep. 9, 2009. 

TECHNICAL FIELD 

[0002] The present invention concerns a coordinate mea 
suring machine (CMM) or a computer numerical control 
(CNC) machine equipped With a measuring probe and, in 
particular, a coordinate measuring machine provided With a 
quick and intuitive programming interface, as Well as the 
method for programming a measuring program With such a 
machine. 

STATE OF THE ART 

[0003] It is Well knoWn hoW to use coordinate measuring 
machines (also called CMM) provided With a mobile head 
and a measuring probe for measuring a series of coordinates 
of the surface of a machined tool or of any object. One knoWs 
in particular coordinate measuring machines With a traveling 
bridge having three linear orthogonal axes, or also machines 
With an articulated arm, Wherein the measuring probe is fas 
tened to the extremity of an articulated arm With several 
rotation axes, or also machines combining linear axes and 
rotation axes. CMMs generally have encoders enabling the 
position of the measuring head at a given instant along each 
independent axis to be determined and, by means of an appro 
priate calibration, the coordinates of the measured point to be 
obtained. 
[0004] The measuring probe can be a trigger feeler, With a 
stylus provided With a ruby sphere designed to touch the part 
to be measured, or also a touchless probe, for example an 
optical probe. 
[0005] One can also distinguish betWeen manual measur 
ing machines, Wherein the probe is moved manually by an 
operator, and motorized measuring machines capable of 
autonomous movements determined by the operator With an 
appropriate remote control, for example, or according to a 
predetermined program. 
[0006] Motorized measuring machines are advantageously 
used for the dimensional control of a plurality of similar or 
nominally identical parts. In this case, a measuring program is 
established beforehand and executed in a manner that is 
alWays identical on each part. Making such programs is rela 
tively time-consuming and not really suited for small series. 
[0007] Manual measuring machines, on the other hand, are 
preferably used for unique measurements or for measuring a 
small quantity of parts for Which it Would not be advanta 
geous to create a speci?c measuring program. 

BRIEF SUMMARY OF THE INVENTION 

[0008] One aim of the present invention is to propose a 
measuring machine free from the limitations of the knoWn 
devices. 
[0009] Another aim of the invention is to propose a mea 
suring machine With a simpli?ed and intuitive programming 
interface combining the programming advantages on the 
manual machine With the control abilities of the motorized 
machine. 
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[0010] According to the invention, these aims are achieved 
notably by means of the object of the independent claims. 

BRIEF DESCRIPTION OF THE FIGURES 

[0011] Examples of embodiments of the invention are indi 
cated in the description illustrated by the attached ?gures 
Wherein: 
[0012] FIG. 1 illustrates diagrammatically a measuring 
machine With traveling bridge; 
[0013] FIG. 2 illustrates diagrammatically the structure of a 
The coordinate measuring machine of one aspect of the 
invention; 
[0014] FIGS. 3, 4 and 5 illustrate diagrammatically the 
structure of a The coordinate measuring machine of variant 
embodiments of the invention. 

EXAMPLE(S) OF EMBODIMENTS OF THE 
INVENTION 

[0015] FIG. 1 represents a coordinate measuring machine 
of a conventional type, With a traveling bridge. A part to be 
measured is positioned on the table 20. The bridge 40 travels 
relative to the table 20 along a horizontal axis Y and the 
carriage 50 can slide on the cross slide of the bridge along a 
horizontal axis X, Whilst the measuring head 60 can be moved 
along the vertical axis Z so as to be capable of positioning the 
measuring head in any position in the three-dimensional mea 
suring space of the CMM. The measuring head makes it 
possible to orient the feeler in a prede?ned direction, thus 
enabling greater touch sensitivity relative to the surface that is 
to be measured. The movements of the bridge 40, of the 
carriage 50 and of the measuring head 60 along the axes XYZ 
are read thanks to position encoders (not visible in this ?gure) 
by the control unit 120 Which can reconstruct the coordinates 
XYZ of the measuring head. The latter’s orientation and 
direction of approach then enables the contact point With the 
part 200 measured by the tip 154 of the feeler 150 to be 
determined. The measuring head can be manually oriented 
respectively motorized, the control unit computes the posi 
tion of the contact point from angular data either predeter 
mined or supplied by the encoders of the multi-directional 
head. 

[0016] In the case of a motorized machine, the displace 
ments along the axes XYZ are performed by motors, for 
example electric motors, according to a program recorded in 
the control unit 120, or folloWing displacement commands 
entered or real time control by an operator, for example by 
means of the keyboard 123 or another input device. 

[0017] The CMM of FIG. 1 comprising three linear axes 
according to a bridge structure is used in the folloWing 
description. It must hoWever be emphasized that this structure 
is used only to provide a concrete basis to the embodiments 
presented but that it does not constitute a limiting or indis 
pensable characteristic of the invention, Which can also apply 
to machines With other axis con?gurations, in particular With 
a greater or loWer number of linear axes, as Well as to CMMs 
having one or several rotation axes. The invention can also 
apply to measuring machines provided With other types of 
probes, such as for example scanning, optical or laser probes, 
or probes With induction or capacitive sensors. This can also 
apply to machines combining displacements of the part to be 
measured and displacements of the measuring sensor, such as 
for example in CMMs With mobile or rotating table. 
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[0018] FIG. 2 represents diagrammatically the driving and 
control systems of a The coordinate measuring machine of 
one aspect of the invention. The measuring probe 150 is 
displayed along the three axes X, Y, Z by the three driving 
elements 170x, 170y, 1702 driven by three motors, also called 
actuators, 132x, 132y, 1322 controlled by the control unit 120. 
The encoders 136x, 136y, 1362 read the positions of the 
elements 170x, 170y, 1702 and supply them to the control unit 
120. Other elements can supply event information to the 
control unit, such as for example sWitches, push-buttons or 
analog or trigger sensors. 
[0019] It is possible to adopt, Within the frame of the inven 
tion, any appropriate system capable of ensuring that the 
motors’ rotation movement is converted into a translation 
movement of the driving elements 170x, 170y, 1702. Flexible 
transmission elements, for example cables or belts, or even 
helical connections of the type screW-nut or ball-screWs can 
for example be used. One can also use linear motors that 
directly generate a translation movement, for example linear 
electric motors or pieZoelectric or ultrasound motors. 

[0020] Generally, it is inadvisable and often impossible to 
displace manually the measuring head of a motorized CMM, 
because of the considerable strains that this Would generate in 
the transmission system. The system of FIG. 2 includes 
clutches 134x, 134y, 1342 enabling in active state the ele 
ments 170x, 170y, 1702 to be decoupled from the actuators, 
thus alloWing manual displacements of the measuring head 
and probe. 
[0021] The clutches are controlled automatically by the 
control unit 120. One could also conceive systems With fric 
tion couplings, Which disengage spontaneously the actuators 
132x, 132y, 1322 from the elements 136x, 136y, 1362 When 
the transmitted torque and/ or force exceed a predetermined 
threshold, or one-Way mechanisms, alloWing the measuring 
head 150 to move folloWing eternal forces Without driving the 
actuators 132x, 132y, 1322. The operator also has the possi 
bility of actuating the clutches at Will, leaving one or several 
axes free of movement. The clutches can be activated electri 
cally, mechanically or pneumatically through the control unit. 
Clutches With loW Wear and tear and loW heating in friction 
mode Will also be preferred. 
[0022] The inventive CMM has a programming mode in 
Which the control unit actuates the clutches 134x, 134y, 1342 
to partly or totally decouple the actuators 132x, 132y and 
1322, and alloW the measuring head 150 to be manually 
displaced, the instantaneous position given by the encoders 
136x, 136y, 1362 to be recorded and, during contact of the tip 
154 With a part to be measured, the information of the mea 
surement point to be computed and stored in a program. The 
CMM of the present invention also include a measuring 
mode, in Which the axes XYZ are driven by the motors 132x, 
132y, 1322, controlled by the control unit 120 so as to repro 
duce the displacements and contacts recorded during the pro 
gramming mode. The mechanical poWer necessary for the 
movements is supplied entirely by the motors 132x, 132y, 
1322 in the measuring mode, and entirely or partly by the 
operator in the programming mode. 
[0023] In a variant embodiment of this invention, the actua 
tors are partly coupled, i.e. they are are coupled only during a 
short instant in order for the motors to act, so that the operator 
can displace the measuring system manually. The coupling is 
designed so that it exerts a torque to assist in braking or 
accelerating the measuring device and also serves to maintain 
the measuring device in position in the absence of continuous 
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force exerted by the operator. This mode aids the operator to 
perform the displacements Whilst leaving the operator the 
choice of applying accelerations to vary the speed to increase 
or decrease it, Within ?xed speed limits. This displacement 
mode is based on the acceleration and the speed achieved 
from the measurement of the position. 
[0024] In another variant embodiment of the invention, the 
friction torque transmitted from the actuators in uncoupled 
mode is loWer than the torque transmitted in coupled mode. 
This enables the coupling at the clutch to slide more easily 
When the measuring head is manipulated externally. The 
uncoupled mode is initiated by the operator either by exerting 
suf?cient force on the measuring head or by acting on a 
trigger, of the sWitch type, Which thanks to the control unit 
alloWs a sWitch from a coupled mode to an uncoupled mode 
to perform the programming and back again. 
[0025] FIG. 3 illustrates a variant embodiment of the inven 
tion Wherein the actuators 132x, 132y, 1322 of the CMM are 
alWays coupled With the axes XYZ and supply the mechanical 
poWer necessary for the measuring head 150 to move both in 
the measuring mode and in the programming mode. The 
CMM in this embodiment includes force (or torque) sensors 
145x, 145y, 1452 in the system for actuating the axes XYZ, 
sensitive to external forces acting on the measuring head 150, 
for example to the forces exerted manually by an operator on 
the measuring head 150. In the programming mode, the con 
trol unit receives force signals from the sensors 145x, 145y, 
1452 and controls the actuators 132x, 132y, 1322 to displace 
the measuring head in the desire manner, for example propor 
tionally and in the direction of the force applied manually on 
the measuring head 150, thus enabling the measuring head to 
be displaced in an entirely intuitive manner by exerting a loW 
force manually to achieve a great motor force at the actuators. 
This mode can also be called force ampli?cation mode, since 
the applied force is ampli?ed by the motors. 
[0026] The nature and location of the sensors 145x, 145y, 
1452 Will preferably be selected according to the structure of 
the CMM’s transmission and driving system. It is conceiv 
able, for example, to use constraint gauges or pieZoelectric 
force sensors or elastic systems or even sensors integrated 

With the position sensors 136x, 136y, 1362. The force sensors 
145x, 145y, 1452 Will preferably be placed so that their use 
Will not affect the accuracy betWeen the coordinate measuring 
sensors and the probe’s contact point. 
[0027] One Will preferably avoid the application of very 
Weak external forces, as they Would easily be confused With 
interferences, or of excessively intense external forces, as 
they Would alter the machine’s precision. Optimally, the 
machine Will be designed to react to forces exerted by the 
operator comparable to those encountered during measuring 
impacts and su?icient to get the machine’s movement to stop. 
The speed at Which the inventive measuring machine moves 
Will preferably be limited beloW an upper threshold alloWing 
the CMM to be immobilized quickly at the moment of mea 
suring impact. In a variant, the control unit is arranged to 
adjust and reduce automatically the speed When the value set 
by the user is too high or in case an impact occurs. 

[0028] According to another embodiment of the invention 
illustrated in FIG. 4, the measuring head 150 is provided With 
a user interface element 140 sensitive to manual actions of the 
operator, for example an interface element sensitive to forces 
exerted manually by the operator. In the programming mode, 
the control unit 120 receives the operator’s manual actions 
through the interface element 140 and controls the actuators 
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132x, 132y, 1322 to displace the measuring head in the desired 
manner, for example in the direction of the force applied 
manually on the interface element 140. Preferably, the user 
interface element 140 is integrally united With the measuring 
head 150 and moves With the latter. In the simpli?ed variant 
embodiment illustrated in FIG. 5, it is replaced by a stationary 
device 190. 

[0029] According to a variant embodiment presented in 
FIG. 4, the probe is replaced by an operating element for 
directing the measuring system toWards the different measur 
ing positions in an approximate manner Without effecting a 
measuring impact. The measurement points are then memo 
rized manually through the intervention of the operator on a 
trigger. The positioning accuracy of each measurement point 
Will then be re?ned in the validation mode With a real feeler 
and a ?nal approach until impact. This mode has the advan 
tage of enabling large-size machines to be controlled by sight 
and touch With far feWer risks of collisions than by remote 
controlling. 
[0030] In these different embodiments, the programming 
mode can also be initiated by a speci?c action from the 
operator on the control unit. In most modes, such as for 
example the force ampli?cation mode, this prevents the 
ampli?cation of interferences and uncontrolled displace 
ments of the machine in reaction to shocks or undesirable 
external vibrations. The machine is preferably programmed 
to accept as displacement command only manual forces 
applied for a duration greater than a determined time thresh 
old in order to ?lter vibrations as Well as forces deriving from 
involuntary contacts or dynamic forces. When faced With 
abnormal or non-interpretable commands, the inventive mea 
suring machine is preferably programmed to revert to the 
stationary state for safety reasons. 

[0031] According to one aspect of the invention, the system 
is capable of generating and memorizing points of transition, 
of by-passing, of measurement and of special operations such 
as tool sWitching. The measurement points are differentiated 
by the detection of the part to be measured at the level of the 
probe. It is often advantageous to memorize additional points 
that do not correspond to impacts With the part to be mea 
sured. Memorizing the points can thus be achieved by infor 
mation from the probe at the moment of impact or by the 
operator’s intervention on at least one independent trigger 
340 (FIG. 2), such as a sWitch or push-button, or pedal, or any 
other appropriate instruction input means, in order to de?ne a 
measurement point for a touchless probe, or for adding addi 
tional points. The memorized points can be differentiated 
according to type either directly during the programming 
mode or subsequently in the editing mode. 

[0032] Among the additional points that can be found, there 
are by-passing points that alloW collisions With the part to be 
measured to be avoided so that the measuring head moves 
aWay from the part While moving. There are operation points 
that serve to perform special operations such as for example 
changing the head or feeler, calibrations to ensure the corre 
lation of the points before and after the change to the head or 
feeler, reorientations of the head. There are also transition 
points for de?ning particular conditions, such as for example 
positioning the head before going in one direction and at a 
speci?c approach speed to perform an accurate measurement, 
knoWing that the direction of approach during the measure 
ment must be close to the perpendicular angle at the surface. 
The system Will also seek to optimize the displacements to 
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ful?ll these criteria in optimum fashion and guarantee the 
reproducibility of the measurement in the ?nalized measuring 
program. 
[0033] In order to deduce the direction of approach, the 
measuring system is based on several points de?ning an 
elementary shape, this information is then used to correct the 
direction of approach and to determine the necessary transi 
tion points so that the measurements of each point involved in 
this shape are approached in optimum fashion. This informa 
tion about direction then alloWs the position of the impact on 
the sphere of the feeler that is at the end of the probe to be 
determined precisely, and furthermore the quality of this 
information enables the measurement error and the disper 
sion of the measured values to be reduced, thus decreasing the 
number of measurements necessary. 
[0034] For operation points such as tool sWitches, a change 
of the measuring head or of the feeler could be performed 
With the aid of a tool rack or the orientation of the measuring 
head could be changed With a motorized head. The program 
ming of these operations Will be made easier for the operator 
Who Will be able, for example, to effect manual interventions 
and simply report them into the programming in editing 
mode. This Will thus make it possible to program points either 
in programming mode or in editing mode. 
[0035] The inventive CMM preferably includes a valida 
tion mode to obtain a measuring program With the same 
quality as that Which Would have been achieved Without 
manual action nor in?uence from the operator. This mode 
includes for example steps of correcting the measurement 
points, comprising the subtraction of the de?ection arising 
from the external force from the operator, and/or steps of 
correcting the approach vectors to ensure that the directions 
and speeds for approaching the surfaces to be measured lie 
betWeen determined limits taking into account the latter’s 
orientations, and/or steps of validating the additional points 
added in editing mode. Optimally, the validation mode 
includes the execution, at loW speed and/or step-by-step of the 
recorded sequence of displacements, during Which the opera 
tor can intervene, for example by stopping the sequence and 
reverting to editing mode or programming mode to perform 
corrections. Once the validation completed, the measuring 
program is ?nished and optimized for the measuring mode. 
This validation is not indispensible but preferable. 
[0036] According to an optional aspect of the invention, the 
measuring machine is programmed to determine, once the 
program is replayed, the orientation of the part to be measured 
from the elementary shape resulting from a plurality of mea 
surement points and thus to adapt the frame of references of 
the measuring program to the actual orientation of the part. 

1 . A coordinate measuring machine (CMM) having: a mea 
suring head provided With a measuring probe; one or several 
measurement axes; one or several actuators designed to dis 
place said measuring head along said measuring axes; one or 
several encoders designed for supplying one or several mea 
surement coordinates of the part to be measured; a control 
unit for controlling said actuator or actuators, characterized in 
that: 

the measuring machine includes a programming mode in 
Which said measuring head can be displaced by an 
operator through manual actions on said measuring head 
and said control unit is designed for recording the dis 
placements of said measuring head and memorize the 
measurement points during contact betWeen said mea 
suring probe and said part to be measured; 
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wherein the measuring machine includes a measuring 
mode in Which said control unit is designed to control 
said actuators and reproduce the displacements of said 
measuring head recorded during said programming 
mode. 

2. The coordinate measuring machine of claim 1, Wherein 
said actuators can be uncoupled, said control unit being 
designed for uncoupling said actuators during said program 
ming mode. 

3. The coordinate measuring machine of claim 1, having 
devices for varying the torque, controlled by said control unit, 
designed for varying the torque transmitted betWeen said 
actuators. 

4. The coordinate measuring machine of claim 3, Wherein 
said torque-varying devices are frictions. 

5. The coordinate measuring machine of claim 1, Wherein 
said measuring head is multi-directional, the machine having 
angular actuators designed for modifying the orientations of 
said measuring head and controlled by said control unit, and 
angular encoders, connected to said control unit and supply 
ing information on the orientation of said measuring head. 

6. The coordinate measuring machine of claim 5, Wherein 
said control unit is designed for controlling said actuators, 
during said programming mode, according to manual actions 
of the operator on said head or on said measuring probe or on 
sensors. 

7. The coordinate measuring machine of claim 1, Wherein 
the mechanical poWer necessary to the movement of the 
CMM in the programming mode is manually applied by the 
operator. 

8. The coordinate measuring machine of claim 1, Wherein 
the mechanical poWer necessary to the movement of the 
CMM in the programming mode is supplied partly or entirely 
by said actuators. 

9. The coordinate measuring machine of claim 1, Wherein 
the mechanical poWer necessary for maintaining the position 
of the CMM in the programming mode is supplied by said 
actuators. 

10. The coordinate measuring machine of claim 9, having 
force and/ or torque sensors in the transmission system of the 
actuators. 

11. The coordinate measuring machine of claim 5, having 
one or several interface elements sensitive to the operator’s 
manual actions. 

12. The coordinate measuring machine of claim 1, having 
at least one means for entering instructions, designed for 
programming transition points or points of speci?c opera 
tions. 

13. The coordinate measuring machine of claim 1, Wherein 
the orientation of said probe can be modi?ed and memoriZed 
in said programming mode. 

14. The coordinate measuring machine of claim 1, Wherein 
said control unit is programmed for subtracting from the 
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memoriZed measurement points the de?ection caused by the 
external force from the operator. 

15. The coordinate measuring machine of claim 1, having 
at least one programming mode and one measuring mode, the 
mode sWitch being initiated by an action of the operator on an 
instruction input means or on said measuring head. 

16. The coordinate measuring machine of claim 1, Wherein 
said control unit is programmed so as to adapt the frame of 
references of said measuring program according to the orien 
tation of each part to be measured. 

17. The coordinate measuring machine of claim 1, Wherein 
said control unit is programmed to correct the displacements 
of said measuring head in order to correct the approach vec 
tors to the surfaces to be measured. 

18. The coordinate measuring machine of claim 1, Wherein 
said control unit is programmed to determine the orientation 
of the surfaces measured from the elementary shape resulting 
from a plurality of measurement points. 

19. The coordinate measuring machine of claim 1, having 
an editing mode that alloWs additional points to be added and 
points already memoriZed in the program for displacing said 
measuring head to be modi?ed. 

20. The coordinate measuring machine of claim 1, having 
a validation mode that alloWs the quality of the points neces 
sary for the displacements of said measuring head to be 
checked. 

21. A method for controlling a coordinate measuring 
machine (CMM), With the machine having: a measuring head 
provided With a measuring probe; one or several measure 
ment axes; one or several actuators designed to displace said 
measuring head along said measuring axes; one or several 
encoders designed for supplying one or several measurement 
coordinates of the part to be measured; a control unit for 
controlling said actuator or actuators, said method including: 

a programming step in Which said measuring head is dis 
placed by an operator through manual actions on said 
measuring head and the displacements of said measur 
ing head and the measurement points during contact 
betWeen said measuring probe and said part to be mea 
sured are memorized by said control unit; and a measur 
ing step in Which said control unit controls said actuators 
to reproduce the displacements of said measuring head 
recorded during said programming mode. 

22. The method of claim 21, further having an editing step 
in Which said operator can add additional points and/or 
modify the recorded measurement points. 

23. The method of claim 22, further having a validation 
step in Which the de?ection caused by the external force from 
the operator is subtracted from said measurement points and/ 
or the approach vector(s) to the surface to be measured are 
corrected. 


